We found that the acetone extract of the peel of Japanese persimmon (Diospyros kaki 'Fuyu') inhibits melanin biosynthesis in mouse B16 melanoma cells. The activity-guided purification of the extract resulted in isolation of two active compounds, which have been identified as flavonoid glycosides, isoquercitrin (quercetin-3-O-glucoside) and hyperin (quercetin-3-O-galactoside) by spectral analysis. Isoquercitrin and hyperin strongly inhibited the production of melanin (IC 50 : 21.7 and 18.2 m mM, respectively). The inhibitory effects were found to be mediated by suppression of tyrosinase expression.
Melanin is a biological pigment found in skin, which is produced by melanocytes in the basal layer of epidermis. [1] [2] [3] Synthesis of melanin starts with the conversion of the amino acid L-tyrosine via 3,4-dihydroxyphenylalanine (L-dopa) to dopaquinone by tyrosinase, an enzyme catalyzing the ratelimiting step for the melanin biosynthesis. 4) Although melanin plays an important role in prevention of sun-induced skin injury, its overproduction and accumulation cause serious skin problems such as freckles, age spots and melasma. Therefore, many reports have described pharmacologic and cosmetic agents that inhibit tyrosinase activity or block melanogenic pathways, thereby leading to skin depigmenting and lightening. 5, 6) Persimmon (Diospyros kaki) is fruit that has been cultivated for a long time in Japan and also used in folk medicine. Persimmon contains several biologically active compounds such as carotenoids, tannins, terpenoids and flavonoids. 7) A recent report demonstrated that the concentrations of these compounds are higher in the peel than in the pulp. 8) Since the persimmon peel is an agricultural waste produced in large amounts, it would be desirable from an ecological and economical point of view to identify biological activities and promote effective use of the peel.
In the present study, we evaluated the effects of two flavonoid glycosides isolated from the peel of Japanese persimmon (Diospyros kaki 'Fuyu') on melanogenesis in mouse B16 melanoma cells.
MATERIALS AND METHODS
Materials Isoquercitrin (quercetin-3-O-glucoside), hyperin (quercetin-3-O-galactoside), L-dopa and synthetic melanin were from Sigma. Protease inhibitor mixture (Complete TM ) was from Roche. The antibody to tyrosinase was from Santa Cruz Biotechnology. Anti-rabbit antibody conjugated with horseradish peroxidase and the chemiluminescence (ECL) kit were obtained from Amersham Pharmacia.
Extraction and Identification of Flavonoid Glycosides from Diospyros kaki 'Fuyu' Dried peel of D. kaki 'Fuyu' (520 g) was successively extracted with acetone, methanol and 70% methanol-water under reflux. The acetone extract (29 g) obtained after concentration in vacuo showed an inhibitory effect on melanin biosynthesis. Ten grams of the extract was subjected on Diaion HP-20 (Mitsubishi Chemical) column chromatography eluting with water, 50% ethanolwater, ethanol and acetone in this order. Among them, the 50% ethanol-water fraction retained the inhibitory activity. Then, the extract of 50% ethanol-water solution was partitioned with n-hexane and 90% methanol-water. Further purification of the latter portion was performed by Sep-Pak Vac C 18 cartridge (10 g, 35 cc, waters) with 60% methanol-water to yield identical mixtures of isoquercitrin 9) and hyperin. 10) Both compounds were identified by direct comparison with the corresponding authentic samples.
Spectral Analysis of Flavonoid Glycosides Isoquercitrin: 1 Cell Culture Mouse B16 melanoma cells (4A5) were obtained from Riken Cell Bank (Tsukuba, Japan). Cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% (v/v) fetal bovine serum at 37°C in a humidified, CO 2 -controlled (5%) incubator.
Determination of Melanin Content Cells were washed with phosphate buffered saline (PBS) and dissolved in 2 M NaOH for 1 h at 60°C. The melanin content was determined by measuring the absorbance at 470 nm. Synthetic melanin was used as an authentic standard.
Measurement of Tyrosinase Activity Cells were lysed by incubating at 4°C for 30 min in lysis buffer (10 mM Tris-HCl, pH 7.5, 1% NP-40, 0.1% sodium deoxycholate, 0.1% SDS, 150 mM NaCl, 1 mM ethylenediaminetetraacetic acid (EDTA)) containing protease inhibitors (Complete TM protease inhibitor mixture). The lysates were centrifuged at 15000ϫg for 30 min to obtain the supernatant. The reaction was carried out by incubating the supernatant with 50 mM phosphate buffer, pH 6.8 and 0.05% L-dopa. After incubation at 37°C for 20 min, dopachrome formation was monitored by measuring absorbance at wavelength 470 nm.
Western Blot Analysis Cells were lysed by incubating at 4°C for 30 min in lysis buffer containing the protease inhibitor mixture and then cell lysates were centrifuged at 15000ϫg for 30 min. The supernatant was subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). Then, proteins were transferred electrophoretically onto a polyvinylidene difluoride (PVDF) membrane. After blocking in 5% skim milk and 0.05% Tween-20, blots were incubated with an appropriate primary antibody, and then further incubated with a horseradish peroxidase-conjugated secondary antibody. Proteins were visualized using the ECL Western blotting detection system and gel images were obtained with a LAS 4000 imaging system (Fuji Film, Tokyo, Japan).
RESULTS AND DISCUSSION
In the course of screening of natural products for melanogenesis inhibitors, we have recently found that an acetone extract of the peel of Japanese persimmon (Diospyros kaki 'Fuyu') strongly inhibits melanin biosynthesis in murine B16 melanoma cells (data not shown). Bioassay-guided fractionation of the acetone extract led to the isolation of flavonoid glycosides, isoquercitrin and hyperin (Fig. 1) . The chemical structures of these two compounds were confirmed by direct comparison of the spectral data ( 1 H-, 13 C-NMR, and MS) with authentic samples deposited in our laboratory.
We examined the inhibitory effects of these compounds on melanogenesis in B16 melanoma cells. The levels of melanin content were reduced by isoquercitrin and hyperin in a concentration-dependent manner (data not shown) and the IC 50 values for isoquercitrin and hyperin were 21.7 and 18.2 mM, respectively ( Table 1 ). The inhibitory effects of isoquercitrin and hyperin were significantly higher than those of kojic acid and arbutin, potent inhibitors of melanogenesis.
Tyrosinase, an enzyme catalyzing the rate-limiting step for melanin biosynthesis is a well-characterized biomarker for differentiation of melanocytes and melanoma cells. Recent reports demonstrated that proanthocyanidines 11) and 2methoxy-4-vinylphenol 12) isolated from the persimmon peel had tyrosinase inhibiting activities in cell-free system. We examined if isoquercitrin and hyperin also inhibit tyrosinase activity in vitro. However, isoquercitrin and hyperin showed almost no inhibitory effect on tyrosinase activity (Fig. 2) .
These results indicate that inhibitory effects of these compounds on melanogenesis are not due to direct inhibition of the tyrosinase activity.
To elucidate further the mechanism of depigmentation by isoquercitrin and hyperin, we examined their effects on the expression of tyrosinase protein by Western blot analysis. As shown in Fig. 3 , treatment with each of the compounds down-regulated the levels of tyrosinase. These results suggest that isoquercitrin and hyperin suppress melanogenesis by reducing tyrosinase expression and thereby inhibiting its enzymatic activity, although precise molecular mechanisms underlying the inhibitory effects remain to be studied. Our studies also suggest that these two compounds are useful resources for developing cosmetic agents.
In summary, the present study demonstrated that isoquercitrin and hyperin isolated from the peel of Japanese persimmon (Diospyros kaki 'Fuyu') suppresses melanogenesis by reducing the protein amounts of tyrosinase in mouse B16 melanoma cells.
